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INFRARED THERMOMETER AND RELATED 
METHOD OF CALIBRATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates generally to infrared 

thermometers and, more particularly, to calibration 
systems for such thermometers. 

2. Description of the Related Art 

Infrared thermometers have a number of desirable 
10 qualities, such as the ability to measure a person's body 
temperature in a fraction of a second and to provide 
readings without requiring the person to lie still for an 
extended time. In addition, such thermometers are 
generally easy to use and have a relatively low risk of 
15 infection in normal usage. These qualities make infrared 
thermometers especially popular in hospital and clinical 
settings, where they can be used to quickly and reliably 
• determine the body temperatures of many patients under 
generally sanitary conditions. 

20 Infrared thermometers use an infrared sensor, or 

a thermopile, that generates an electrical current signal 
that varies in accordance with the temperature of a target 
placed in front of the sensor. Such sensors have a cold 
junction and a hot junction. The hot junction is the 

25 portion of the sensor that is exposed to the target whose 
temperature is to be measured, while the cold junction is 
the portion of the sensor that is isolated from the 
target. The sensor signal indicates any difference 
between the temperature of the cold junction and the 
30 temperature of the target. 
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In the case of infrared thermometers adapted to 
measure a patient's body tempera ture, a probe is typically 
inserted into the patient's ear canal and directed toward 
the tympanic membrane, or eardrum, such that infrared 
5 radiation from the eardrum impinges on the hot junction of 
the sensor. The eardrum temperature, which is generally 
an accurate indication of the patient's body temperature, 
can then be calculated by adding the temperature 
difference indicated by the sensor output signal to the 
10 sensor's cold junction temperature. 

Because the sensor output signal indicates the 
temperature difference between the cold junction and the' 
target rather than the target's absolute temperature, the 
accuracy of the calculated temperature is affected by the 

15 accuracy with which the cold junction temperature is 
determined. Therefore, the cold junction must be 
maintained at a precisely controlled temperature, or the 
cold junction temperature must in some other way be 
accurately determined. It is usually moire convenient to 

20 determine the temperature of the cold junction and provide 
temperature compensation than it is to maintain the cold 
junction at a controlled point. Various systems have been 
used for determining the temperature of the cold junction. 

In some cold junction compensation, systems, the 
25 cold junction is assumed to be at ambient temperature and 
a separate thermometer or an operator input is used to 
specify the ambient temperature. Such systems are not 
believed to be especially reliable or accurate. Other 
systems use a resistance measuring bridge circuit with a 
30 temperature-sensitive resistor, or thermistor, to 
precisely measure the temperature of the thermistor, which 
is. assumed to be the temperature of the sensor. ' This 
temperature can then be used to directly compensate the 
infrared sensor output signai. 
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Many cold junction temperature compensation 
circuits are quite complicated and can add greatly to the 
cost of producing infrared . thermometers- Other 
compensating' systems do not provide a great deal of 
5 measurement accuracy/ or are not especially reliable. 
Infrared thermometers are otherwise advantageous, 
especially in a clinical setting where the faster speed 
' and less intrusive nature of infrared thermometers are 
desirable. Simpler cold junction compensation systems 
10 could reduce! the cost of providing infrared thermometers, 
making their superior qualities more widely available, and 
could provide greater accuracy and improved reliability. 

Another factor affecting the accuracy of 
infrared-based thermometers is that the gain of the 

15 infrared sensor changes as the temperature of the sensor 
changes. As a result of such gain changes, thermometer 
circuitry that, might be accurate at a particular cold 
junction temperature might give erroneous readings at 
another temperature. For example, an infrared thermometer 

20 that provides an accurate measurement of body temperatures 
lying in a range of 88 # F to 108 "F when the sensor 
temperature, is at 68 °F might not be accurate over that 
same range when the sensor temperature is 78 - F. Thus, 
even systems that reliably determine the temperature of 

25 the cold junction do not necessarily provide accurate 
measurements across a range of target temperatures if they 
do not compensate for temperature changes in the sensor 
; itself. 

From the discussion above, it should be apparent 
30 that there is a need for an infrared thermometer with a 
simple cold junction compensation circuit that provides 
greater accuracy and reliability of measured temperatures 
over a range of operating temperatures. The present 
invention satisfies this need. 1 
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SUMMARY OF THE INVENTION 

The present invention is embodied in an infrared 
sensor-based thermometer that determines the temperature 
of a target and calibrates its temperature determination 
5 by determining the temperature of the sensor's cold 
junction based on the sensor's internal resistance, and by 
compensating for changes in the sensor's signal gain that 
occur with changes in its temperature. The calibration 
greatly increases the reliability and accuracy of the 

10 target temperature determination and also reduces the cost 
of the thermometer from what it would be using 
conventional systems to provide similar benefits. The 
sensor calibration function is achieved using many of the 
same circuit components also used for the temperature 

15 determination function, thereby not adding unduly to the 
complexity of the thermometer. 

More particularly, a thermometer in accordance 
with the present invention includes a thermometer housing 
having a probe, within which is located the infrared 

20 sensor. The sensor is selectively positioned so that its 
hot junction receives infrared energy from a target whose 
temperature is to be measured, so that the sensor 
generates a target sensor signal, which indicates any 
difference between the target temperature and the cold 

25 junction temperature of the sensor. The thermometer also 
accurately determines the temperature of the sensor's cold 
junction by measuring the sensor's internal resistance, 
this coid junction, temperature determination is used to 
determine the sensor's . gain, so " that the proper 

30 compensation coefficients can be applied to the 
calculation of target temperature. The thermometer then 
calculates the temperature of the target using the target 
sensor signal and the sensor gain value. 
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In an alternative embodiment, an enhanced 
calibration is provided using a calibration reference 
whose temperature is known by means of a thermistor. 
Before providing a calculation of target temperature, the 
5 probe containing the infrared sensor is selectively 
positioned so that the hot junction of the sensor receives 
infrared radiation from the calibration reference. At 
this time, the sensor produces a reference sensor signal 
that establishes a baseline signal value. Thereafter, 
10 when the temperature of a target is to be calculated, the 
calibration reference is moved out of the sensor's field 
of view and the sensor is then positioned such that its 
hot junction receives infrared radiation from the target, 
whereupon it produces a target sensor signal. Using a 
15 quadratic formula with inputs of the target sensor signal, 
the reference sensor signal, a sensor gain coefficient, 
and the sensor cold junction temperature, the temperature 
of the target is then calculated. The sensor gain 
coefficieht is calculated -using a linear gain formula that 
20 is a function of the sensor's cold junction temperature. 
The coefficients of the quadratic target temperature 
formula are empirically determined for each infrared 
sensor- The coefficients for the sensor gain function are 
likewise empirically determined for each infrared sensor. 

25 The invention provides a quick and reliable 

means of determining the body temperatures of a large 
number of patients. Reading the calculated .temperature 
does not require a great deal of skill or technique, but 
can be readily performed with a minimal amount of 

30 training.. The invention provides a simplified sensor 
temperature compensation circuit to correct for changes in 
sensor gain with changes in sensor temperature. 

Other features and advantages of the present 
invention should be apparent from the following 
35 description of the preferred embodiment, taken in 
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con junction with the accompanying drawings, which 
illustrate, by way of example, the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG, 1 is a side view of a thermometer apparatus 

in accordance with the present invention. 

FIG. 2 is- a simplified block diagram of the 
electrical components included in the thermometer of 
FIG- 1. 

10 FIG. 3 is a graph showing the relationship 

between sensor resistance and sensor temperature for a 
typical infrared sensor of the type illustrated in FIG. 2. 

FIG. 4 is a schematic diagram of a sensor 
circuit included in the infrared sensor thermometer 
15 illustrated in FIG. 1. 

FIG. 5 is a schematic diagram representing the 
effective sensor circuit when the FIG. 4 circuit is in an 
amplifying mode. 

FIG. 6 is a schematic diagram representing the 
20 effective sensor circuit when the FIG. 4 circuit is in a 
resistance measurement mode. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference now to the illustrative drawings, 
and particularly to FIG. 1, there is shown an infrared 
25 thermometer 10 that includes a generally pistol-shaped 
housing 12 with a handle portion 14 and an elongated probe 
16 adapted for insertion into a patient's outer ear canal. 
A display 18 is mounted. at the rear of the housing, far 
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displaying calculated temperatures, system messages, and 
functional indications. An infrared sensor -30 (FIG- 2) 
located within the probe receives infrared radiation from 
the patient's eardrum and generates a corresponding 
5 electrical signal that is processed to determine the 
patient's body temperature. Specifically, the patient's 
body temperature is determined by comparing the infrared 
sensor signal generated while the sensor receives inf rared 
radiation from the patient's eardrum with the signal 
10 generated while the sensor receives infrared radiation 
from a calibration reference having a known temperature. 
The thermometer 10 also accurately determines the 
temperature of the sensor and compensates for signal 
changes that occur with changes in the temperature of the 
15 sensor.' 

Before being used to determine a patient's body 
temperature, the thermometer 10 first must be calibrated. 
An indexing handle 20 on the housiftg 12 slides rearwardly 
to place the thermometer in a calibration made, and it 
20 slides forwardiy to place the thermometer in a ready mode. 
In the calibration mode, the elongated probe 16 is 
retracted into the housing and the infrared sensor 30 
(FIG. 2) is positioned to receive infrared radiation from 
a movable calibration reference 36 (FIG. 2). When the 
25 indexing handle 20 is moved forwardiy to. place the 
thermometer 10 in the ready mode, the calibration 
reference is moved away from the sensor and the elongated 
probe is moved out of the housing. The probe then may be 
inserted into the outer ear canal of a patient whose 
30 temperature is to be measured. A suitable mechanical 
structure, for moving the probe relative to the calibration 
reference and housing is disclosed in U.S. Patent No. 
4,993,424, which is incorporated herein by this reference. 

In the ready mode, a trigger 22 may be depressed 
35 to activate the temperature measurement circuitry of the 
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thermometer , which includes a compensation system that 
accurately measures the internal resistance of the sensor, 
and therefore its temperature, and that also accounts for 
changes in the gain of the sensor due to its temperature. 
5 The measured patient's body temperature is then shown on 
the display 18. 

FIG. 2 is a simplified schematic representation 
of an internal portion of the .thermometer 10 illustrated 
in FIG. 1. It shows the thermometer's infrared sensor 30, 

10 which has a cold junction 32 and. a hot junction 34, 
positioned adjacent to the movable calibration 
reference 36. When the thermometer is placed in the 
calibration mode, i.e., with the indexing handle 20 
retracted rearwardly, the calibration reference 36 is 

15 moved directly in front of the retracted probe 16 so that 
the hot junction 34 of the sensor receives infrared 
radiation substantially only from the calibration 
reference. As a result, the sensor produces an electrical 
output signal that indicates the difference in temperature 

20 between the cold junction and the calibration reference. 
The temperature of the movable calibration reference 36 
can be accurately determined using a thermistor 38, using 
techniques known to those skilled in the art. 

When the thermometer 10 is in the calibration 
25 mode, tests are performed by the thermometer's circuitry 
to ensure that the infrared sensor 30 and other electronic 
components of the thermometer are in a stable condition 
and to ensure that the ambient temperature and thermometer 
component temperatures are relatively stable. If 
30 temperature changes or other thermometer conditions are 
detected to be changing beyond predetermined limits, the 
thermometer will condition itself not to allow 
measurements to be taken. Sensor stability can be checked 
by examining the output signal of the sensor when the 
35 sensor is exposed to the calibration reference 36. 
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When the sensor 30 is first positioned adjacent 
to the calibration reference, the hot junction 34 of the 
sensor receives infrared radiation from the reference and 
the sensor produces a sensor reference signal P b that is 
5 indicative of the difference in temperature between the 
reference and the sensor cold junction 32. This sensor 
reference signal establishes a baseline for the remaining 
calculations. If the sensor reference signal P b is 
determined to vary above a predetermined rate f then the 

10 calibration process is re-initiated and a temperature 
measurement cannot be taken until calibration is complete 
and a new sensor reference signal P b is established. 
Between measurements, the probe 16 remains retracted 
within the housing 12 and the calibration sequence is 

15 performed at regular intervals, e.g., every 15 seconds, to 
continuously update the sensor reference signal P b . 

An advantageous feature of the thermometer 10 is 
that it saves the last baseline sensor reference signal 
value P b before the indexing handle 20 was moved forward, 

20 because an operator might want to take a temperature 
measurement between calibration intervals without waiting 
for another calibration interval to be completed. Because 
during the calibration condition the thermometer 
calibrates every 15 seconds, the P b value can be no older 

25 than 15 seconds, and any variance in the sensor 
temperature within the 15-second interval will ordinarily 
be so small that using the previous P b value will not add 
unacceptable error into the calculation.. 

Because the output signal of the sensor 
30 indicates only the difference between the temperature of 
the sensor cold junction 32 and the temperature of the 
object from which it. is receiving, infrared radiation, it 
ordinarily is necessary to know the sensor's cold junction 
temperature, or at least a base approximation of that 
35 temperature, before an absolute object temperature can be 
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provided. Some conventional infrared sensor-based 

thermometers use a measurement of ambient temperature to 
approximate the sensor temperature, while others rely on 
an operator input value. The ambient temperature 
5 measurement, however, is not necessarily an accurate 
representation of the cold junction temperature, and an 
operator input is potentially even less accurate. The 
thermometer 10 in accordance with the present invention 
overcomes these deficiencies by providing an accurate 
10 indication of the sensor's cold junction temperature based 
on a calculation of the sensor's internal resistance. 
This is a more accurate and precise way of determining the 
base temperature as compared with conventional 
alternatives. 

15 m accordance with the invention, the infrared 

sensor 3 0 is preliminarily tested to precisely determine 
the relationship between its cold junction temperature and 
its internal resistance. A chart of a typical 
relationship is shown in FIG. 3. After the temperature - 

20 resistance relationship has been determined, the internal 
resistance of the sensor 30 is advantageously determined 
at. any temperature by establishing a bridge circuit that 
includes the sensor resistance and by passing a current 
through the sensor as part of the bridge circuit. A 

25 sensor offset signal P 6 is produced by the sensor when a 
pulsed current is passed through the sensor circuit as the 
sensor is exposed to the calibration reference 36. Those 
. skilled in the art will realize that the change in output 
voltage of the sensor for a given pulsed current can be 

30 used to determine the resistance of the sensor. The 
actual Bensor temperature can . be calculated from the 
change in output voltage by using the following quadratic 
sensor temperature formula: 



T fi CI (P B -P b ) 2 +-C2 (P s -P b ) + C3 
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where p fi is the sensor offset signal, P b is the baseline 
sensor reference signal, and CI, C2, and C3 are constant 
coefficients that are empirically determined, as described 
further below. 

5 After the temperature of the cold junction 32 of 

the infrared sensor 30 has been determined, a sensor gain 
factor must be determined before the temperature of a 
target can be calculated. It is Important to determine 
the sensor gain because a sensor target signal P t produced 
10 by the sensor when it is exposed to a target of unknown 
temperature can vary over a given range of sensor 
operating temperatures even for a target of fixed 
temperature. That is, although the sensor target signal 
provides an indication of the temperature difference 
15 between the cold junction and the target, the relationship 
between the sensor target signal and the indicated 
temperature difference, i.e., the gain of the sensor, can 
change with the temperature of the sensor. 

- It has been found that the gain function of the 
20 infrared sensor 30 can be approximated by the following 
linear gain formula: 

G = Kl * T 5 + K2 

- where T fi is the sensor temperature and Kl and K2 are 
constant coefficients that are empirically determined, as 
25 described further below. 

After the sensor temperature and the gain factor 
have been determined, the temperature of the target, that 
is, the patient's body temperature, can be calculated. 
The temperature calculation is made by moving the 
30 elongated probe 16 out of the housing 12, placing the 
thermometer in the re^dy mode, and by inserting the prohe 
into the patient's outer ear canal and depressing the 
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trigger 22. The temperature calculation is made by using 
the following temperature calculation formula: 

T - ([fP t -P b J/6] +■ T/) 1/4 

where P t is the sensor target signal from the infrared 
5 sensor 30, P b is the baseline sensor reference signal, G is 
the sensor gain, and T r is the reference target temperature 
provided by the thermistor 3B. The calculated target 
temperature T is displayed on the display 18 while the 
trigger 22 is depressed, while afterwards the display 

10 shows the maximum calculated temperature during the time 
interval beginning when the elongated probe 16 was moved 
out of the housing 12 and ending when the trigger was 
released. The maximum calculated temperature is displayed 
until the probe is retracted. The temperature T 

15 calculated by the thermometer 10 has been found to be very 
accurate and reliable, allowing many temperatures to be 
quickly taken under generally sanitary conditions. The 
thermometer provides these benefits at reduced cost and 
with greater efficiency. 

20 The thermometer circuitry advantageously uses 

many of the same electrical components both in determining 
the resistance of the sensor and in determining the 
temperature of the target, thereby providing cost savings. 
The operation of the thermometer circuitry, including the 

25 infrared sensor 30, is best understood with reference to 
the. schematic diagram of FIG. 4, which shows a sensor 
circuit 42 with an amplifier 44 connected to the infrared 
sensor 30. The amplifier increases the magnitude of the 
sensor signal for easier manipulation, and also is used 

30 for determining the resistance and gain of the sensor. 
Because the amplifier would be necessary even without the 
sensor resistance and gain functions performed in 
accordance with the present invention, these additional 
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functions are provided with a minimum of additional 
components. 

When a measurement object 45 (such as the 
calibration reference 36) is placed in front of the 
5 infrared sensor 30, infrared radiation from the object is 
received by the hot junction 34 of the sensor, producing 
a sensor output signal. As shown in FIG. 4, the output 
signal from the infrared sensor 30 is provided over a, 
signal line 46 to the positive input terminal of the 
10 amplifier 44, while four resistors 50, 52, 54, and 56 are 
selectively taken into and out of the circuit 42,. as 
described more fully below, depending on the desired 
circuit function. A switch 58 operates under control of 
a microprocessor (not shown in PIG. 4) to control the 
15 operation of the circuit and to determine the sensor 
resistance in the following manner. 

With the switch 5B open, the resistors 54 and 56 
essentially play no part in the circuit 42, and the 
circuit assumes an amplifying mode of operation. The 

20 circuit therefore effectively becomes that shown in FIG. 
5, which is essentially a thermopile voltage amplifier 
circuit whose gain is set by the first two resistors 50 
and 52. Thus, when the temperature of the infrared sensor 
30, and in particular the temperature of the cold junction 

25 32 (FIG. 2) , is approximately equal to the temperature of 
the measurement object 45, the amplifier output E 0 is 
approximately o volts- If the measurement object is the 
calibration reference 36, the output signal E 0 constitutes 
the sensor reference signal P b . 

30 When the switch 58 is closed, on the other hand, 

the circuit 42 assumes a resistance measurement mode of 
operation and effectively becomes a resistance bridge 
circuit as shown in FIG. 6, with a V REF applied voltage. 
Closing the switch activates the bridge circuit consisting 
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of the fourth resistor 56 and the infrared sensor 30 
resistance on one side, and the third resistor 54 and the 
first resistor 50 on the other side. Under this 
condition, the amplifier output signal E 0 is equal to the 
5 baseline signal as seen with the switch open, plus the 
imbalance of the resistance bridge. As known to those 
skilled in the art, the amplifier output signal can be 
used to deduce the internal resistance of the infrared 
sensor. It is to be understood that other methods could 
10 also be used to determine the internal resistance, but the 
circuit shown makes efficient use of circuit components 
already present. 

Thus, in operation, the resistance- of the 
infrared sensor 30 is determined from the change in the 

15 baseline signal of the amplified output while tbe sensor 
is viewing the calibration reference. First, the 
amplifier output signal E 0 is measured with the resistance 
bridge circuit being inactive and then it is measured 
again with the resistance bridge circuit being active. 

20 The difference in the amplifier output signal indicates 
the sensor resistance and, from the TIG. 3 chart, the 
sensor temperature. The calibration reference need not be 
at the same temperature as the sensor, but the amplifier 
output signal difference is most easily determined if the 
.25 reference object temperature and the sensor temperature 
are at least stable. 

With reference again to FIG. 2, a microprocessor 
60 controls the . processing of signals in . the 
thermometer 10 and controls operation of the switch . 58 in 

30 the. thermometer circuit 42. The microprocessor receives 
the calibration reference temperature from the thermistor 
38 via a line 62 and receives the sensor output signal E 0 
via a sensor output line 64 . A coefficient., memory 66 
provides the processor with the predetermined coefficients 

35 for the various functions used by the thermometer. 
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Finally , the microprocessor provides output information 
and operator messages to the display IB over ,a line 68. 

The coefficients associated with the sensor 
temperature function and sensor gain function will vary 
5 from unit to unit, so an automated production line process 
i£ used to determine the coefficients for each infrared 
sensor 30. To determine the proper coefficients, the 
temperatures of the sensor and a calibration reference -36 
are both initially brought to approximately 65 9 F and 

10 allowed approximately 30 seconds to stabilize. The output 
signal from the infrared sensor is then measured while the 
sensor and calibration reference both are held at this 
temperature. The temperature of the calibration reference 
is then independently raised to approximately 80 'F and the 

15 output signal of the infrared sensor is again measured, 
and finally the temperature of the calibration reference 
is raised to approximately 108 °F and the output signal of 
the infrared sensor is again measured* 

Next r the temperatures of the infrared sensor 30 
20 and the calibration reference 3.6 are botfh raised to 
approximately 80 *F and stabilized, with the sensor output 
signal measured* The calibration reference's temperature 
is then raised to 108 •? and the sensor output signal is 
again measured. The last step is for the temperature of 
25 the sensor and the calibration reference to be stabilized 
at approximately 100 *F, with the sensor output signal 
measured* The calibration reference's temperature is then 
stabilized at 108 'F, and the sensor output signal is again 
measured. These various measurements provide a table of 
30. values and characterize the coefficients in the sensor 
temperature quadratic equation and also characterize the 
coefficients in the sensor gain function. Alternatively, 
a table of values could be supplied in lieu of 
coefficients for the sensor gain function. 
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With reference again to FIG. 1, a flashing- 
light 70 is provided on the thermometer body 12, to 
indicate when the baseline signal P b is varying to an 
extent that the thermometer 10 cannot calibrate. This 
5 indicates to the operator that the thermometer has 
conditioned itself not to allow a temperature measurement 
to be taken. Some heat transfer from the patient's body 
can occur during measurement, so the calibration waiting 
time allows the sensor temperature to cool down and 
io stabilize. 

While the trigger 22 is depressed, the display 
18 is updated approximately three times per second to show 
the present target temperature reading. Releasing the 
trigger displays the maximum calculated temperature that 

15 was calculated while the trigger was being depressed. 
This allows the operator to scan the eardrum, and more 
reliably obtain a temperature reading corresponding to the 
eardrum. This is necessary because the infrared sensor 30 
receives infrared radiation not only from the eardrum, but 

20 also from the ear canal. The temperature of the eardrum 
is the more accurate indication of body temperature, and 
fortunately the temperature of almost all of the other 
objects within the ear will be lower than the eardrum 
temperature. Therefore, saving the maximum temperature 

25 reading while the infrared sensor was scanned through the 
ear will save and display a temperature most likely to be 
that of the eardrum, giving a reliable indication of the 
likely body temperature. 

In an alternative, more simplified embodiment of 
30 the invention, the calibration reference 36 is eliminated 
or at least used only infrequently. In this embodiment, 
the target temperature, i.e., the patient's body 
temperature, is determined based only on the sensor's gain, 
and the sensor's cold junction temperature, both of which • 
35 are determined based solely on the measurement of the 
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sensor's internal resistance. Although this embodiment's 
accuracy will not generally be as great as that of the 
embodiment that utilizes the calibration reference 3 6 as 
a part of each measurement, it nevertheless can provide 
5 useful results. 

The present invention has been described above 
in terms of a presently preferred embodiment sp. that an 
understanding of the present invention can be conveyed. 
There are, however, many configurations for thermometers 

10 not specifically described herein, but with- which the 
present invention is applicable. The present invention 
should therefore not be seen as limited to the particular 
embodiment described herein, but rather, it should be 
understood that the present invention has wide 

15 applicability with respect to thermometers of a wide 
variety of configurations. Such alternate configurations 
can be achieved by those skilled in the art in view of the- 
descriptions herein. 
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I CLAIM: 

1. An infrared thermometer comprising: 

an infrared sensor having a hot junction 
and a cold junction; 

positioning means for selectively 
5 positioning the infrared sensor relative to a measurement 
object so that the hot junction of the sensor receives 
infrared radiation from the object, whereupon the sensor 
generates an electrical sensor output signal indicative of 
any difference in temperature between the measurement 
10 object and the cold junction; 

sensor temperature determining means for 
measuring the internal resistance of the infrared sensor 
and for determining the temperature of the sensor based on 
that resistance measurement; 
15 gain determining means for determining a 

sensor gain value K based on the temperature of the 
sensor; and 

processor means for producing a measurement 
of the object's temperature based on the sensor output 
20 signal and the sensor gain value. 

2. An infrared thermometer determining as 
defined in claim 1, wherein the sensor temperature 
determining means includes circuit means coupled to the 
infrared sensor, for determining the internal resistance 

5 of the sensor to produce a sensor resistance measurement 
that is indicative -of the sensor's temperature. 

3. An infrared thermometer as defined in 
claim 2, wherein the circuit means includes selecting 
means for changing the operation of the circuit means to 
select between an amplifying mode in which the circuit 

5 means amplifies the sensor output signal and a resistance 
measurement mode in which the circuit means operates as a 
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resistance bridge circuit to provide the sensor resistance 
measurement. 

4. An infrared thermometer as defined in 
claim 3, wherein the circuit means includes a common 
amplifier coupled to the sensor in both the amplifying 
mode and the resistance measurement mode. 

5 . An infrared thermometer as defined in 
claim 3, wherein: 

the infrared thermometer further includes 
a movable calibration reference having 
5 a known temperature, and 

reference positioning means for 
selectively positioning the calibration 
reference in a first position so that the hot 
junction of the sensor receives infrared 
10 radiation from the calibration reference, 

whereupon the output signal of the sensor 
comprises a sensor reference signal , and for 
selectively positioning the calibration 
reference in a second position so that the hot' 
15 junction of the sensor receives infrared 

. radiation from a target whose temperature is to 
be measured, whereupon the output signal of the 
sensor comprises a sensor target signal? and 

the processor means produces a measurement 
20 of the target's temperature based on the sensor reference 
signal, the resistance measurement, the sensor target 
signal, and the . known temperature of the calibration 
reference. 

6. An infrared thermometer as defined in 
claim 5, wherein the thermometer further includes 
thermistor means, coupled to the calibration reference, 
for generating a reference temperature signal representing 
5 the temperature of the calibration reference. 
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7. An infrared thermometer as defined in 
claim 5, wherein the processor means produces the 
measurement of 'the target's temperature using the 
following target temperature formula: 
5 T - ( [ (P t -P b ) / K ] + T r A ) where 

P t is the sensor target signal, 
P b is the sensor reference signal, 
K is the sensor gain value, and 
T r is the temperature of this calibration 
10 reference. 

8. An infrared thermometer as defined in claim 
7, wherein the sensor gain is determined by using the 
following sensor gain formula: 

K = K fl * T K + V where 
5 K fl is a predetermined constant term, 

T s is the sensor temperature from the sensor 

temperature means, and 
1^ is a predetermined constant term. 

9. An infrared thermometer comprising: 

an infrared sensor having a hot junction 
and a cold junction and exhibiting an internal resistance 
that varies with its temperature; 
5 positioning means for selectively 

positioning the infrared sensor relative to a target whose 
temperature is to be measured, so that the sensor's hot 
junction receives infrared radiation from the target, 
whereupon the sensor generates a sensor output signal 
10 indicative of any difference in temperature between the 
target and the cold junction; 

gain determining means for measuring the 
internal resistance of the infrared sensor and for 
determining the gain of the sensor based on that 
15 resistance measurement; and 
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processor means for producing a measurement 
of the target's temperature based on the sensor output 
signal and the sensor gain. 

10. An infrared thermometer as defined in 
claim 9, wherein: 

the infrared thermometer further includes 
a calibration reference having a known temperature and 
5 reference positioning means for selectively positioning 
the infrared sensor relative to the calibration reference 
so that the hot junction of the sensor receives infrared 
radiation from the calibration reference, whereupon the 
sensor generates a sensor reference signal; and 
10 the processor means produces the 

measurement of the target's temperature based on the 
sensor output signal, the resistance measurement, the 
sensor reference signal, and the Known temperature of the 
calibration reference. 

11. An infrared thermometer as defined in 
claim 10, wherein the thermometer further includes 
thermistor means, associated with the * calibration 
reference, for generating a reference temperature signal 

5 representing the temperature of the calibration reference. 

12. An infrared thermometer as defined in 
claim 10, wherein the processor means produces the 
measurement of the target's temperature using the 
following target temperature formula: ".. 

5 T « ([(P^-P b )/K] + T r W where: 

P t is the sensor target signal, 
P b is the sensor reference signal, 
K is the sensor gain, and 
T p is the temperature of, the calibration 
10 reference. 
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13. An infrared thermometer as defined on 
. claim 10, wherein the sensor gain is determined by using 
the following sensor gain formula: 

K 68 K fl * T b + *b' vhere: 
5 K B is a predetermined constant term, 

T s is the sensor temperature, and 

1^ is a predetermined constant term, 

14. An infrared thermometer as defined in 
claim 9, wherein the measurement means includes: 

an amplifier connected at its input 
terminal to the infrared sensor; and 
5 configuration means for configuring the 

amplifier to operate selectively in a first mode, wherein 
the amplifier amplifies the sensor target signal generated 
by the infrared sensor, or in a second mode, wherein a 
known electrical current is supplied to the sensor to 
10 produce a voltage proportional to the internal resistance 
of the sensor and the amplifier amplifies the voltage to 
produce the resistance measurement. 

15. An infrared thermometer as defined in 
claim 9, further including circuit means having a common 
amplifier that receives the sensor target signal and 
operates in a first mode in which it amplifies the signal 

5 and operates in a second mode in which it is part of a 
resistance bridge circuit. 

16. An infrared thermometer for measuring the 
temperature of a target, the thermometer comprising: 

a housing; 

an infrared sensor having a hot junction 
5 and a cold junction, wherein the sensor exhibits an 
internal resistance that varies with its temperature; 

a movable calibration reference within the 

housing; 
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positioning means for selectively 
10 positioning the infrared sensor so that the hot junction 
of the sensor receives infrared radiation from the target, 
whereupon the sensor generates a sensor target signal 
indicative of any difference in temperature between the 
target and the cold junction; 
15 reference positioning means for selectively 

positioning the infrared sensor relative to the 
calibration reference so that the hot junction of the 
sensor receives infrared radiation substantially only from- 
the calibration reference , whereupon the sensor generates 
20 a sensor reference signal; 

thermistor means, associated with the 
calibration reference, for generating a reference 
temperature signal T p representing the temperature of the 
calibration reference; 
25 resistance means for determining the 

internal resistance of the infrared sensor to produce a 
resistance measurement; 

gain determining means for determining the 
gain K of the infrared sensor based on the resistance 
30 measurement means for producing a measurement of the 
target's temperature using the following target 
temperature formula 

T <= ([(P t -F b )/K] + T P VS where 

P t is the sensor target signal, 
35 P b is the sensor reference signal, 

K is the sensor gain, and 
T p is the calibration reference temperature 
signal. 

17. An infrared thermometer as defined in 
claim 16, further including circuit means having a common 
amplifier that receives the sensor target signal and 
operates in a first mode, in which it amplifies the 
5 signal, and operates in a second mode, in which it is part 
of a resistance bridge circuit. 
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18 . An infrared thermometer for measuring a 
patient's body temperature, comprising: 

an infrared sensor having a hot junction 
and a cold junction and further having an internal 
5 resistance that varies according to the temperature of the 
cold junction; 

a calibration reference; 

positioning means for* positioning the 
infrared sensor relative to the calibration reference, in 
10 a calibration mode, such that the sensor produces a sensor 
reference signal indicative of any difference in 
temperature between the calibration reference and the 
sensor's cold junction, the positioning means further 
positioning the infrared sensor relative to a target on 
15 the patient, in a measurement mode, such that the sensor 
produces a sensor target signal indicative of any 
difference in temperature between the target an the 
patient and the sensor's cold junction; 

means for determining the temperature of 
20 the calibration reference; 

gain determining means for measuring the 
internal resistance of the infrared sensor's cold junction 
and for determining the gain of the sensor in accordance 
with that resistance measurement; and 
25 processing means for producing a 

measurement of the temperature of the target of the 
patient based on the sensor reference signal, the sensor 
target signal, the calibration reference temperature 
determination, and the sensor gain determination. 

19. A method of measuring the temperature of a 
target using a thermometer of the type having a housing 
and including an infrared sensor having a hot junction and 
a cold junction, the method comprising the steps of: 
5 determining the temperature of a 

calibration reference located within the housing; 
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positioning the calibration reference 
relative to the infrared sensor so that the hot junction 
of the sensor receives infrared radiation substantially 
10 only from the calibration reference, whereupon the sensor 
generates a sensor reference signal indicative of any 
difference in temperature between the target and the cold 
junction of the sensor; 

positioning the infrared sensor relative to 
15 the target so that the hot junction of the sensor receives 
infrared radiation from the target, whereupon the sensor 
generates a sensor target signal indicative of any 
difference in temperature between the target and the cold 
junction of the sensor; 
20 determining the internal resistance of the 

infrared sensor to produce a resistance measurement; 

determining the gain K of the infrared 
sensor based on the resistance measurement; and 

producing a measurement of the target's 
25 temperature using the following target temperature formula 
T - ([(p t -p b )/ K ] + T r W where 

P t is the sensor target signal, 
P b is the sensor reference signal, 
K is the sensor gain r and 
30 T r is the temperature of the calibration 

reference. 

20. A method of measuring temperature as 
defined in claim 19, further comprising the steps of: 

providing a circuit that includes selecting 
means for changing the operation of the. circuit to select 
5 between an amplifying mode and a resistance measurement 
mode and that includes a common amplifier coupled to the 
sensor in both the amplifying mode and the resistance 
measurement mode; and 

selecting the resistance measurement mode 
10 during the step of determining the internal resistance of 
the sensor and selecting the amplifying mode during the 



WO 93/03666 



PCT/US92/06939 



-26- 

step of producing a measurement such that the circuit 
amplifies the sensor target signal in the amplifying mode 
and operates as a resistance bridge circuit to provide the 
15 sensor resistance measurement in the resistance 
measurement mode. 
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